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(57) Abstract: A light source apparatus 
for radiating an induced emission light from 
a semiconductor laser device (200) to a 
free space via a multiple scattering optical 
system. The multiple scattering optical 
system comprises a first region (204) close 
to the semiconductor laser device (200) 
and a second region (205), which is in 
contact with the first region (204) and leads 
to the free space. A scattered substance 
is contained at a high concentration in the 
first region (204), the second region (205) 
has a lens section (205a) as a magnifier for 
at least the principal part of a secondary 
face light source formed over the boundary 
face between the first and second regions 
(204, 205). Thus, a simple constitution 
provides a low-power consumption light 
source apparatus small is size, low in cost, 
and suitable for an optical communication 
system having a high-speed, wide-range 
communication area, and an optical 
communication module comprising this 
apparatus. This apparatus enables a high 
efficiency of extracting light safe to human 
eyes even with a high-output semiconductor 
light-emitting device. 
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t£ffimx*$> v. mi <om& 102^2 <z>«gjg io4i ©s£#ffi±w£Bo«j=» 
0 2 (*#■ t ifca**©******) *s «t tf*©**^ * ^ a ^ c+ 

JkWftffiailBWi: A<c U£5 <£ o ffl l ©ft*§& 102^2 ©f« I04i©i 
#S±K:tfcfefiiE^ \^X<ou^XU 1 o 4a©^J: <9 Vh£v^pg©j£tfS 9 

xM^tis. -bia» i ©is^ 102 -?©#£*&©*§** ±ia 2 ftWffiateaiRo 

(far-filed ; ^HgP) t UC fit* {5^^^ > (Larabertian) <D5l?\Z. 

fit <5H 5 0 

jbia 2 ^wffijtew* 5 ' e> ©tKajfea* a&h-s ±mm 2 ©i#$ 1 0 4 » % < £ 

t> N -LIB^^i/ M0 5©^fc«8H0!l;fcfcffc , ~- ^3£^©l/e 2 :BUi©3j&^£r 

104 rtra8v^^^&^5W&<ft&a^<< ^ ^vxgp i o 4a©3teaafla 
Tt^fi, if t-ia^-rs^ i ©w& 102^ ^e©sg 1 ©^ 1021c 

itT|M1iul5i2©f^l 0 4 3&>e>Jfc»3 % _t!2il 1 ©iil^ 1 0 2 £f|2 
©^1 04©5tO^<i^l^l 0 2tf2(Di^l 0 4 «fc«9 

_h|B^2©^l 04^11,12^1 0 2, 1 041 
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i-5J:5^#^§^5„ UtM#m:te> i l ^ 1 o 2 l m 

m~ 3 mmS«, W, 2 <D&& 10 4 ©ftfft^JpJ^J?^^ _LfBl^Xgp 10 4a 
©ftt^f 2 mm~ 1 0 mmgt©il^i^^tl5 0 3;7c s HI Iter© 

fcrt^ ffiPufrlfiQfciWu $ 1 0 2<Dftm%xtfy MO 5Sft©JE* s 9 K: 

15 asji l < ft s 0 i^fiRrtMft^^^-^^ i-cii^ws 7 * a-— 
20 fflimm&m) 
25 ^i-ffsni'efeSo 

0 2 ^-T«t 5 fc* ^ffrWf 2 0 011 f-^^^b 2 O 2W^K 

flg£^2 0 3_b^S$tLTV>Sc ±IB^#:i/-if 2 0 0©3fcfft2 0 111, £ 
2 ©1^2 0 5©fcfc*:^£ U©WVX(B12 0 5a©3fc$tlj2 0 6 <tBl&— IfcUTV^ 
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§ o ±|B^^#:i/— if 2 0 0©t^!>yb 2 0 2^©#*&&n fttSft.fr SriS** 
l^W&Jtf&ft^fcfcBB'S' bfc 3 0 0 0 0 c P ( 3 O Pa • s ) t M%i&<0 
t^cxy n-^/l^ ^frU-if 2 0 O^m^tLfc^V^^b 2 

o 2%m.?&*> ^Ti~5o ^bx, 1 5 o°ci^r B i^^/^bxs^Ts m 
^mm<o h7^7r — & kxs«t»t % n 2 <o&j$ 2 0 5iaot7^ 

- JifBfg 1 2 0 4 ©fl*t£ bT, tf/vfct:1tttLztJ»ftfo'R&M'& 

iH^2 0 5 <D 1/^X135 2 0 5aM±^T*(^gHllSr4. Omm. 1/^X§P2 0 5a© 
^g£2. OmmatV^ 0 1 ©IW&2 0 4 tf)18£Lfr t \^Xte&$frfZ>m* 

f-^ XV? 7 q 0 . 0 5 ~ 5 0 (OW^^^W^^^^m^ s 

q = Utc/A) • (Ds/2) 
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•CO.Olvol %~ 5 0 v o 1 %<^Bft-T?^fb$i*rfc„ ^<Z>«£ 5 tfegL4# 



15 v^-h .UTi&frSftifc 7 0 %~ 9 o %£JLk©Sift&-C@ji* O-TSc r (DtMMX^ 
20 (kneader) N fcSV^J^&v^^-Ylf-- (homogenizer) ^ N itAfiE^^cS[T«Sfi V 



5 
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^^^^^ 33 

Zft^tciym+ffiftXh-oXh, ^»tttg_h N TJfvtv- horn®)* 

\mu £ frits?— y-m-wfz m&\ t mmm ^ tx v n * . ^ e> ©ismim 

HI 3 F V ^ ""^T \ d f J± PAR (Peak-to-Average Ratio) l^S<5 < y V /^M 

(D&mm-mzo. 5 vm&fc&n&v^x&m^zmb^^yf^wgtm 
mztm-tzttibi^ ^<Dffij^mz&^xnm<^zmx^b&n.irzy£m$ 
ytm^h^m^m^x^vx^^^t^^ir^ 0 roi^i 

25 *^f*> m^x^(D^Mmn,^Bt^maimmwsm^m^u%^\ *fc> =1 

fT9 ^f*ii^^^-efe5o 



10 



15 



20 
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7n5fe^^I(Xi ;Y=Yj)^^-r§ (l^i^N) „ KX, ; 

Y = Y j ) KM UTs <flfcf*^®^3£4Rfc: £ 5 * A-i^-^S&fTofcm 

mk\.tz.¥*m.&U3 (X, ;Y=Y i )l^tT, ^X.WBip^I 
(Xj ; Y=Y j )— J (X, ; Y=Y ,) Sr£N^^UT3fc£>5o ^fflMXit*© 



NFP 



fl^l |2 |l A 



fc*3 x #M^x 1 -c©agSp ,©^iigtt(x^i«a)j2:*?fes»i«Hfir±o-c*)5o 

£fc, ±|BI (X, ; Y = Yj)(D J (Xj ; Y= Y ,) fc:m-*Jfc I (X, ; Y=Yj) 
/J(X, ; Y — Y j ) N i-^^>*>*j-5p*&^ft^> PAR(Peak-to-Average Ratio) 



J PAR 




I(X t ;Y 




2 









25 



PAR^^$ft(X^fR])^fc>fc5ffl#^*l-efc5o 
rr.T% JifB^fttMU (X,, Y=Y i )©fffl^i:tm ±IB ;-I (X, ; 
Y = Y j -)^B^1-*«*© s Fff3&«E»I (X, ; Y = Y k ) ; k= j ±1, 2, 3, 
-&#X i Kasv^CTOflSUfcJU 2&7cWM(X 1( Y,)^- 5£¥#F*3Kl 

(X 5 ; Y=Y,)^#:^7>r KS*"rfr5 ^ b-QW&m&m J (X, ; Y=Y ,) 
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j»J(X, ; Y=Y J )Otr-^gfi5E^bl/e»£Jl-±, l/e^±, *fcf±, 
EUi©3«&^5«KBBrtfc:lfcJ£UC I (X, ; Y=Y i )<DX'<r*A*L*Vffi 
5 i-S^V^fcX^.tt), _h|B¥*MI[ft*J (X, ; Y=Y S )©MW^< 

S «fc 5 ^ ±IBP AR ©tefflwfl^^fc «t W©<BH PJUt «rJfiSR 
^W*bV\ 0 3 C,I^3D,[II3 FJ3GICI1 ^t5PARi-?:©Iit 
10 * h^At>7j*L-CV^„ 

15 0 6Uft<D&-fcm$t1-Z>a EI3F-ete. PARttl + 0.0 3^»fc5. 

20 _hl2PARraax^fcfi^^^^^*a PAR ^V>5ii!^J:oT, ^T^iMC 

V ©/N'!7-A^^^IS:%t5rW5ft 5 e #iRff N PAR BI 
25 51?- VTVWcasV >T % * 7t h 3EWP*»C*5rt § P A R ©*;MiSte+ 6 %m& t 
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P Lm &. 

Plim= P/( 1 + PAR„+o) 

«*wra=4%fc-r*bHf* ftffi^±pgffip LIU teP^9 o%-e& 

MK, 3 a PAR ~6 a PAR fc J;oT±IBffi*±l^tt»« J ^AiBi3»M**fT5 - 1 % 

^.<Dmm(om^(omm^^xm^^ par 

3 a PAR , -^-ft^ljtm ax {PARj f±*& 5 a m Xfo^tz a 
^r±a PJU ,*3%~8%Sfl[^/h*vMII[i:-t-«iii:W:^Bg!?i:3&S 0 *fc N _h|B 

20 mm^M^wmr^^thx^^o 

tilt, T-f*fe— ^•r5S'J^#^Sr7D^U7tfNlfiSrfT5r i: 

^6 3%(=l-l/e)£^ttf!Hi$cDlMX£LT^a£;fa5o m^L-T 
^^y^/wSr&tf3fcaS<^»^-f4s #Rfcf ^3&S<D l/e StTIhJS;^^ 
25 /HfcSL*r£* ft V N!MStfS 9 9 . 9 9 9 9 % £ ft 3 5/ ^ A4g&<D±VBAfc& a 

0 9ft6ffi^l5:^i-Sw^^-C*#5o ^li^tH^V^ o#*<D#iJ£:7j^L/c J; 5 

AR<Dmm-micm^xmm(ommTM^tcnmffa(D^w^m^m\ 
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flcfik S i 0 2 (x : Jffi$fs|SS!EA n ©|6*Hi£f*&J 0.02), T ? V U 

( a : mffi mm. a n ©*ft*f'ifiraji& 0.09), * ^ ^ y (• : msf^A 

n CD|ftStli[t*!ft 0.19), T i 0 2 (□ : Jg#f ^ItA n 0.9) Sr^ft 
10 -eft^#:-efflV^7 v c^f^3S$m^^^^^)TV^5o rr.t5\ HI 3 AOiMOI^XFft 

p< ^ 3 ^L/«H£3p*&e * firm i AVE ) *sf»iei — at ioo mnm. m^tm 

<PffcSM*:te*frU-T\ 1 v o 1 %, 4#^0. 1 v o 1 %«t 9 

^ ft30vo 1 %^lfiB^±[HI§^OV^-fft^^l*3V^Tti^ 

/^{B^i-5^(*#feft^v\ ^»30vo l96«±T?ttx 
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b& 2 ~ 8 (Dmm 3 aa^) t & s £ 5 im ^7 * q artswfrt-s r. t \z. «t 

IB 5 8 9 nm) &W&Lti:\t^&&&Z<D&W<OWegl&k LT55^^«t?«effli-5 
20 tt&V\ 

vtmzttvxh, *tihm*<offi J i L n\zM\^x&m&tiZ'<%h<DX'3bZ> 0 fes 
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q «S JblBBS- 1~15 <£>f&ffl ZmtctZ. t bV\ D^iM X£>3g*#T- 

VIzWffittiK B&l v o 1 %~3 o v o 1 %$Sf£tf>t5fflT?fcfrU:£> 

awK^flWrt 7 * r.^^Ri^fcs 0 m^fc^mjtt \.xmfttimisfoz>¥Lfr 

r r. x\ mi <ow&<omt tut, v/i'Vtti tz n =** v^t> 
25 h-^-<htbtfei-si:> mL^(D^mftim.mmM,X'h^h<D(D, ±hvv 
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U^tt£UHH4«r#5 - £ fcV^B 3 AG) S i O, i K w<^) o — 
^SSrlSth-^i-s^^^fflbliv^^fe5 o r©«fc5ftras 

20 cm2mmmm) 

HI 4 l£7jrt"«fc 5 &^ JN»#:i"-f 2 0 0 &JSfflg&tR 2 0 3 * V b 2 

25 0 2^bT«# bfc&, ^Sffflcu— if2 0 0^^$tt^f-^^^b2 0 

2^9ffltf<t RfJ4 0 0(1*1^1. lmm N i^h=2mm)^^ 

MciotSftS. _hfBRf§)4 o ooi*HK!j(£>ig®£ b^flg£4R2 

0 3^MSr0®i:i-§MlH5 2 1 O-H^bTV^,, _L1BR1^4 0 O^fiJSffiK: 
Aup< y^rfcJ: 0 l §r^b-CV>5o Jb|2^J!gS^2 0 3_h^Au^ y 
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*WM/*9— 0 2£r7#J&bW5„ ±fBRfU4 0 0©^If4 0 l*3.fct*W 

m%2 1 o £ nx^t mmtm^ u ^<Dm<o^mtxMKx^x±m 

tfcSU^ <t o Tt£m boofff 2 <D^i$ 2 0 5<D$£k.mt VX(DU>-^2 0 5a© 

£ n> fcSL^^m i (omm 204}^ c&#> e>tboo^ t l-or 2 2 0 

m*jv^-cr^ ±:IBR1^4 o o<DfflaU&$Bi<nffi&2 o 4^6»©*©Httftp 

or. +^#Mma^it7tw-if^02(D^2o 5^^tb^ 0 
m> r« 4 o o offi n w®mc#a=-r i 204^12 <omm 2050 
^#ffi_b^. _libphsb2 1 o.(Dma tmu^t^^m-r^ 2^m%mm^ 
_hiBB 1 vwm 204^2 205 t#itam 

04©«^m^ Ji|BR1^40 0©i«£h«:«*lz:3E3E-*-5i:*^ HI 3 

0 5At^LTV^ o El5B,0 5C,0 5D^^^5am»^ PAR 

^<ttJ5PAR©t^ b^7^^tW5„ 3ft!S^<D2^:7n^^ ±IBR1^ 
400(04 iC^)«)»fffi^ : SrRefc^"C*g«P^9Itl/A s i < fcoTV^. L7c 

-rsfc*. r>f*-:7*s^«r3*«*t> £<&*xhxMmxzz>o m 

B5A»!i*JV^H:> @3Ai:M^ «Hft^aH¥^SLIlimL/ 1 AVB ^o 
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W5 0 ±|B#l^-ef±. H4|C*i-*ll®«*2 0 4O*Jtt2 0 6*|«|©ff*L 

nrtmcfc 3. itaflc/<9 ^-^^b^— (Mie) fcSLa^i-ttev^SL»f®^*3«fc 

5 5 0 05A^b> IH3 A^fclLkfr-MWasj:!? — JttW.JSMSIiRit ttta^i' 
ffe|HlSrjS^.Si:H ^7^1 w«/Kor>f t-7f^ *ifit5 W/^t'^^j' 

ii^3 o v o 1 %~ 5 O v o.l %&£i5^{b^5£#ftv\, 35fc*i« 

^Hi-hV ^ADl^SI^l. 4 0) i-3^§-a\ 
25 SMRSM^-^CRIl. 5 9)-^Ti0 2 (Pl2. 6)iZ.M~LX, Ce0 2 ^Zr0 2 (|^ 2 . 

3)^>«r^^:»ja^CffiV^6>^^S. *fcttZnO(|2. 0), A1 2 0 3 (1. 7 7)#<Z*fe 
JRMtffc* Al(OH) 3 (|^l. 6)^7K^b#>x *fcHu #S^f7^tf— 

1.5-1. 6mB0t>#*L<JBv^ 5. £ b £ 
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W VfrTJt—yytWMWlXte, \^Xmm&M8 90nmOIn 

GaAs/AlGaAsSMffitSr^rf 5 fcO&ffl^"^*. i-ft*>*>s ii^OCD- 
R/RW/Bfp|tt 7 8 0 nm?|AlGaAs^W If 0*£t£Jl#FJi£ I nGaAsS* 
^#prjg Lfc t> tf> T? & 5 <, H 3 A £ 5 A LfcS* * v> a — 

^frl/SiftS*^ CW (Continuous Wave ; SUfeSOSbftHffcWffift 

m^tx^z r. k&ftfr^fro mz> fl^tt i v o i %~ 3 o v o i %&^<z> 
raffle £ ^ 3 ^ma c s t> ^£ »i £ h (^f® , z.<Dmw<D #s«fc£Lft 
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tfSfc m~tfc 10 0^ m«rt©H0|fCj5SSb"CV^tf. -hfBM 9 3tO#^5r#b 

20 Mgp 2 1 o t mmnftm *nx, t tt^ir^ts - £ ra^ti 

(is 3 Hasans) 
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^S/^ff 1 0 0 jum, ^5/^12 3 0 /xm N U s^T, h 7 << 7"*1 2 . 5;tm, * 

5 igsm 5 0 0 n mt«B#f^T w ^<y<D % (?? ^Jffi bfc„ r (D^mw V 

—if 6 0 0it 8 9 0nmi^5J;5^I nGaAsMQW^ttf £ il 

^©7 8 0 nm^fWf t P DAlGaAs^^ !) T/jJJ Y/9 7 V 4>#JB 
a*l»«ES*vrv>5 0 ft:J3, tfffia-TV^&AR/HRJteMNWa—TVl'' 
^'i: UTP9JBffi^e>*W^Sr#5 <t 5 bfcj&S^Wu JbiajB 1 , % 2 MM 
10 l&m<Dm 2 ~H1 5 A, 12 5 B, HI 5 C, E 5 DO^-CIV^^V"- if 

|^C-efc5 0 ^©^^/©^frW if£3\ 10mA@S©HIiIi2 5 0m 
COD (Catastrophic Optical Damage ; ^ffiCQ^fe^^)^^) WM"** 

15 fci^Jft*^*?*)*- 

|U 6 AfclJgfJjggtK 6 0 3 <D±ffi\^ *i6»^©J&$ 6 0 0 

/zm^mgi5(i£®)*5j:mw^^5 o° (Drnffimffiz^-tzmG 1 o 

£7«LTV^ 0 JtiBBfflB£4E6 O 3_h*5«tOTlH5 6 1 0<Z)ft^®^Au^ 
K£ 1 2«r?gj*bTV^ 0 -hiB^NIMfci'— if 6 0 0©TBH 

20 Dfl§P6 1 0<Dj£®(ia^^* — ^6 1 2)lciS^— ^. bSrfflvvry-r tf^K^tu 

if 6 0 OO_bffif*^<DiB0^^^-^6 0 8 icy-f K£;ft3 (!7 

4^6 0 2) D 

8 /i m (i/ y q = 4 , g = 0 . 7), ttiSCVl5 0%©^f 

25 l/^m^«H^/BV^ 0 -tlB*^ yslsWmmfcttlkft&k tr 1 5 w 

a^AnttPfcO. 2). &*3 % S^^mSL^^K-t-S^^oV^fi^-rSo 

_hia V y n - z/JfM^ i?t f-/^ V i/ n =^if ^£r3y&9- £ U ^fr"T*«i-S 2 
0 0 OmPa • s (2 0 0 0 c P) t JfctfcW^fcfcttte&^S. 
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S^fTofc^ 5 0 O OmPa • s mS^ltltt^oTJilBDflgP 6 1 OK&A 
£*b5 0 ±121105156 1 O^^A^tbrb^^fcy/H^ DflgP6 lOWot* 
• ^F^ttfc**, 'Pt£ < £ t> 1 8 0<C • 1 «FlfflO|»8!'ft:iaSrJl 

-c> ^<Dmm<Dg>mM.fLyt¥%k<DWii (om^e o 4 tta^ 0 

* ^ftkMsM^^ i>HMB& b7^77 -^-^ KtSiiiaot, ±iB 
SSl©ffi«6 0 4igtTg*»I5l2©fJ|6 0 5«S^**t, ^flMS 
^6 0 3©±ffi^fl:*S— ^JhS*b5„ ±13* 2 6 0 5l£tt N #^1.1 
mm©^®©— $P^^oT#^$^S^fft 6 0 6 Sr^-TSifc*:^*: Ut<DVy 
X§P6 0 5a*S4»fc< irfc-£**LTV^5. ±IBPflgP6 1 0 ©J&® ^ 6> V- ^Xgp 6 
0 5a©:(g£* 1 . 6 5mm-e*>«, ±ISfg 1 ©«*£6 0 4 £ 

±!B#J&©T-l'-fe— if 6 0 0 (DWH%mfrb<vm& 
%(D%MiG 0 ^1©^6 0 4 <b^2©^6 0 5©t#Btl5tt1C 

iS2©Mi5£6 0 5©l^Xg|S6 0 5a©3fett6 0 6 h B&IrI C^fpJ £rJHlR]"f~<5 <£ 9 

$ e> c ©* 3 mt^mm^m 6 a©t-t -t— y%mMm.<Dm^±.^ 2 
«t 5 ^m^-a-^or-r -t— 73tejB^«©#j*sria 7 a, 1a 7 c m 2 i§ 19 & ut 

3 Rit^TWoMS 7 3 0&^!*j\ -e©HflSB7 3 OrtfcaMKH — If 7 0 O&Ifl 
«LTV>3. ±fB»HIB2&tR 7 0 3±*5J;OT^7 3 0\£A\x* y V 
7 1 2«rfl&fcU Pfl§P7 3 OOAu^ s^lfi^* — ^7 1 2 ±fcl*NMfc V— If 
7 0 0©Tfl!l«®(EI^i a )S^m^^^:^bTV^§ o -2f % ^1/^7 0 
0 ©±#ia@ (HI^-^T) Srx 7 0 3 ±a>o[U]$(S 7 3 0 aS^FfcLKtt kfrfc 

^^7 1 3^17^7 0 2&;frLTm^f$tC^eLTV^ 0 £ bfc* WAg£&7 
0 3±^(MI$P7 3 O&m? £5^RHi7 1 O&ffiBLTV^o ±IBR1^7 1 OS: 
^J!gS^7 0 3±^|g-<— ^ f^«toT@^UTVN5 0 ±fBR1^7 10 
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Srfl&fcLTV^. ^O^I&ftlHM-. 06 AOT^-fe— 73teaP3fi«i:l5ICiBiai 
5 S^m^^fc LT> 0 1 <^)^ 7 0 4 L W£„ -t LT N _hiatflgS 

i7 0 3±^7jfdr^J|g^j:§^— ^KS*bfc$B2<0ffi*S7 0 5&7«L-T^ 
So _LIBSB2<0«#7 0 5ttx felcii LTOVyX§|57 0 5aSrf LW5 fl 

rrm AR/HR3-f>f ^yzmirtz.^mfci'—? 7 o oK-^m^b^m 

10 V^§ 0 

tmM, P3fi7 1 0 £9 tyg(£>/h<^Rl^7 2 0&fflV\ milfP7 3 0^®, 
Jgffi*5<fcOTti7 2 0OrtM®^J:oT^$tbfc^^^|ialH5^^ I^^^i^a 
^ISc^^fcbTs Il©ii7 1 4£rJ£/£b-CV^5„ £7c, «I7 1 3 te, 
15 il<Z)i^7 0 40^MH!l^fe<9> I©ii7 1 3 fclg§8fe£*LS!7>f *7 0 2<£>— 

ap*S»2©««6 7 0 5&C&5 0 -hlBRfgJ 7 2 0 ©FWfc Agp< y^lCt DdfeHS 
7 2 1 £r?£f& LTV^ 0 i©@7C ^i"T-r 73teEUfefi<E>*lJfc"eWu b 9 
7 7" — ^r— Y#f(D V 4 -YM&frs *7U3:> ±|BR^7 2 0 iro^a— b^F 

20 (H7B,H7D»0 o i©*J*5eRttH6 A£H3— T'&So 

}*m7 C<DTJ-t—7%WMm^&^X, !7-TiT602,702^ N f2(Df^ 
6 0 5,7 0 ST^S^^V^OrtlfP^^^Mt^TV^So - <£> «t ? 
5^^T% T-l'-fe:-^3fe^e^ffl c f I ^-^KgP(^20^6 0 

25 5, 7 0 5)«5?8£a-fBJ«b-C^ 17^-^6 0 2,70 2\^—^YUt th\^\ 

%m&£frxmm-fz>itib, o o £fcf*7 o o <Dmmm&&*— 
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y%WMm.<om^ ymfey*"-*? 6 00,70 o^iimsrwux, 

«ftv\ <imSfe3&e>«r. ^^Fi/yx^^v^tj:^ ^i©^604,70 

10 ^tfi^fKom^ 610 cossffi&jsui ^ ^fctemmp 730 <Dmmm<z>&mM 7 2 

I*J^&JRJ1 7 1 l©F^FR4Sfe7 0 3^mttlU ^10^7 0 4, 4#M 

15 ot, i7 Ajc*5V^tt. 0fl*.ffO. 7^T8ft©ttaR6<|/h$ v^fl^FB^ g & 

^7 1 3*sjBi©«««)^MBiK:a5>5r -r^tb^\-^r^m-v^^m 2 co 
£#5 r. t &m$bx-ib z> <o \% m 5 * x~ t> fc v \ 

3c 7c. 0 7 A, 0 7 C^*5V^, _tf5^W^Dfl§P^^i-^Rlf7 10,72 
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©0 4*5*0^ ©£ 3 §H«£ti©IS 6 A, 0 7 A, 0 7 ca»bBH 5 M 

H6A,H7A,07COi^©i5^ aMW#:^-lf6 0 0, 7 0 0©tHttft 
©3fefAi:^2©^I^6 0 5,7 0 5©I/>-X§|56 0 5a, 7 0 5 a©3Kttft*MtiM t£ 
£fr5#«fc&^3fc©#^tK 1 0,7 3 0©3=5fcM©«*Wl* 

&i&-f b*>4 5° t*T5*5«f43teV\ il©Ii6 0 4, 7 0 4fcj3 

13 7 A, 0 7 C ©*$©<£ 5*^ ^^^W-if 7 0 0©jt^®^b 
©3tem^J^Jffli-S#^^«> im#^#£b&V^{K^bfc^^ S&1©« 
^7 0 4^^2©-gS^7 0 5©*#ffii:W— 1f3t©3te*7 0 1 £©2&&#_L1B2 
&ttffi^©*'fr^&ii3 J; 5 Pflgfl7 3 o fc#2©ffi#7 o 5©u^X*P7 
0 5a©**Ej*i|&V:7 b-rSirifr^LV^ £fc. Il©fii7 0 4, 7 1 4*3 it* 
2 (DW$i 7 0 5 ©^#®_ht?©^^(S^© * f£ 2 ©^ 7 0 5 

©3fc«l7 0 6 Jrfc*H3:TliSi-«©#3*bV^ ittf 5fCViV\ 

Mpt&me Aiz^T4±-7%$mm<DZ. oK^m&^-i? e o o© 

MiSB^e>©5teW^Sr^i' ; 5^t?«s MSP 6 l o ©SS5©«fcWl£**# ft 
fciBtofctK igtesNMfci—" 9*6 O 0 ©^Jg^+B^^M^tLfiifBPQ^ 6 1 
0©M©^^^^i^ft^^^V^ofci^^'5TIBT*foSo i"*fc>^ ^1 
©^©ttSLfl:* 5 ^ bfc V t fofe b7c*§i^ if 3t©3fctt* s **^^»l $ 

HT^-t-sst^i-te. jiia2^ffi^©^M^ML-c*j-^^^o^#^ 
^-T5«t 5asth-*-s©^tpu^»* bv\ r©£ 5 iatjaWt©7fe3»* 

BIBfi, H6A,H7A,H7Cfc^H-T>f*fe-73fcWSil«?«^»^ H 
3 A« bfc*«*afc*r«* <DV>(X&£xm&-Vi/» 
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B#l$)£r, ^1^^0^¥*&i*ffmi AVB -t?Si]ofc^ii[-CS)5 0 EI8 0^ 

5 mn, w&m&<D*'<y?jvm.o tMl x*$>z>o meA,m7A,m7c^:^fi(Dm 

0 8 -SrEI 3 A £ /cfiHI 5 A i: tktSrf Si:. y * a M ©fiS[}6S^W^ffi 
^£frTV^r t«flJ&T*fc3o HI 6 A&<fcOT7A,|U7CO#£j&fc:«fc 

Ufc £ t K J: Y) > ^3MS^^tti^¥^tkSLlHl»^» i o Hft 1 0 0 HI 

15 ttc, m6A&tcnm7AM7c\z£zw&<Dmmztt\^xn^m%iMtv 
xm.m.5m%M^D s coim q -am 1 ~ 1 5 ©$5fflte*> 9 „ 

20 ^fr £> <£>1&iL#:£. ftMtfjfcte 0 . 5 v o 1 %~ 3 0 v o 1 %. J; 9 MS U < 

f± 1 v o 1 %~ 1 5 v o 1 %<Dm&-?$m-Z> Z-bfc&Vs lA>»SL«M*flS 

Ht©3pj^fli[<R>tt % ^^<R>^2 OD s ©BWRSri»*:i-i: £2 5 JLffl£;fr;fc 0 Sfc, 

25 ^'i:<R>^3 OD sTU X*<y ? /l>^o PUt &MMfc±.g-\^fc 0 aSH^ tfc£L& 

Sr*iftU:j4 3 Ovol %£H±fc?l5»*flrt-« £ U&ifc 5^|rJ 

tbfc„ r©«1H©^»^-er±s 10m m#_L<^ 7 * * £ ft 9 , 

^I6A^7 A, 0 7 C©«jfcte«*ffcfc3M&fcUC, 0 6 C^® 7 B, HI 7 
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IBIS 1 HJ67121S©® 2 ±-7%fflmW&£Tfm 2 ^Kftgffi©BI 4 <DT^C * 

S^|Rj_b-f-5^i^T?#fc 0 ©#£©©#r^An^0. 0 9 bttM&O'h 

z^t? v A'Uki&Rm&r) v-wtfcoxt, 5 v o i %~2 o v o i %m 
v summon, mm^wm.^'pxhitm^mmttmux^y). 

*5j:tJ*fg2©^6 0 5©i#Ei:f 2 01^6 0 5O^it br©!^^ 
6 0 5amfob<Dffi<Dmmc*mtiS*kZ>tm^ fg2©fH$6 0 5©V:/Xgp 
6 0 5a©¥#R^ 1 . 0 mm- 1 . 5 mmT^ft$*fc 0 ^fc, HI 7 A, 12 7 C© 
mm^L-X, <KMCH7 A.BI7 C©RfU7 1 0,7 2 0 ©ig $ h \zM^t 
Sii^i^ ^l©fi|7 04,7 14^2(Dii70 5i:©Mh £S 
2 ©1^7 0 5©tfcMft£ LT©^^^SP7 0 5a©:ffi/££ ©RB©l©$Hc«r2&fc 

^2 ©^7 0 5©WVXgfl7 0 5a©¥^R&l. Omm~l. 
5mmf»$tfc 0 $6>^i x HI 6 Al£fctell| 7 A, El 7 C©#«J&frO&CT. 
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5 OVflBWSJlCftt^tJbS. ^ ~Tii, I r DAi 19 Is^f^bWtfc^Sr 

H«t "9 fci^##trc@£LT^3&&#tff(F F P)a05fr&rfrofc 0 

io a>e>. au&renf r±* 

f =R • n/(n- 1) 
-«$*L> &J&r±. 0 5a(OlH^e>«fll&JS*E6 0 3{Wtei&3. 3mm 

^605i <D]£jm$i~e<DVmnctim 1 . 3 mm^<^X\ $t$fc<£>Hc/ f W: 0 . 3 
15 r©Hc/f Sr/h$< U fc£flm«r«M&&K6 o 34UtcJ:9gKS 

gi~5 r. h -x*mtm&&fc (f f p) & 3„ rtu^v^m^^^^y * 

3Wt^ ( F F P ) tfSjKtf* 19 vy ^ £ tT ttlSffiJ-t-S <£ 5 fc^lWIL 

W£;ft7c 0 [11 9 B, II] 9 C^b 93 5^ ^t£*ItfSJfci|fcl$^ 

20 #^(13 9 B{l!l<^2 Offik &^Wrfr(m9Cm<D$)6 OM)h. 

m^z&M&w^it$-&mfrftfiM&t£Lxi&M£ti. m2(omt$,x 



WO 03/077389 ^^PCT/JP03/02418 

^;HifH^oifii#^^ t *fa!tgft*^(F f p) \z.n.^mns^ 
mz.m^tei&8ifi2o° ~6o° mM(D^m^m(DWM\^^xn, mumm. 

15 9^V>^5Ste^(FFP)^r#6^^ ^x.tf^2©fSW*s*3»ffii^^Srflt 

r jbsa» 2 n^fig^s 4 *s «t t>*r <db 3 mmwm<om 6 a, ig 7 a, m 

7 CT?*tIl ©«#te:*5^T, *ii©pgjBi:*5^l«l»lR^J2:ov^TOW-t-5, 
20 _h|BBl4, EI 6 A*5«tOT 7AJ 7 Ct^f #^tC*3V^T0^ bV^ffl<0tt*fctt 

/J^ (1M ^ q = 1 ~ 3 ©ft) Oi^JffiiFf^H (®J/f^^A n > 0 . 5 ) $r 

#i-5ffcSL#:«\ M*.t£ 2 0 v o l %^±©Mt^fLtI l ©«*SSr«fiW 

-5 t x y ^ /V* a PAR fi@*"C/J> $ V ^ « 1 0 " 2 ) \Z.m$L £ flJ^Z i><D<D^ 

-<d£ 0 tmm&B&t u ±ibi& 2 4 33 «t vm 3 Wi©g 6 
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.PCT/JP03/02418 



Aj7Aj7c b-t^ftfg i (omm<z>mf&(D&j&m&mz.mw'fz>o 

m&W 1*5 «£ tm^SliNI^O^^#^# % ifr b <D^m^Jm^ <k o T * $ it 5 

15 ^^fcbit)fev^m^^ffl-t--i:* s ^#^o -©^5^ 

-Cja^»^ff 5 r. £ «fc r> 3MRXS35S««K:*« » 1 £ L"C<*> 

t> «t V \ -bfBfg 2 £lW1i<E>|II 4 *5 X tm 3 Ml©! 6 A, 0 7 A, HI 7 C 

So 

25 M;tfc£> \kmh'hWgL<DV<l * — * q & 1 ~ 1 5 mJ^fC&ffcSr 1 5 v 

o 1 %X*m—ftnki~Z> - i: Ox 5 v o 1 %£*T«>*£"Ctt*8— #ffctt 

flci/- iHciEgH-S 9 o %<DfiB^£±!BifcSLft: 5 v o 1 ^ftfeflWcU 
;£tf>ft±g&l 0%<D^Ki|igCf&£Ufc&5 0 v o 1 %£MW&HftUfc#wJl«: 
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^^^^ 55 

r tit. i,ftm&m nmzT* Lfcismim©^^ & w e> 

J; hiatal t 3&&¥*&3ftg$Wiu -t-*^fe^^i£v^m 

^RSr«FO»^Jc«:, Jfa»3fi«^ ( F F P) <Dmft*mM&.&&m#J-<?t±t£ < 
20 5I^U5. 

25 in i o A&z(D&w<Dm4mffi3&m(D%Mmmk \^x<or^^'-y 3 mmm.<o 
m 1 oawsvv-c, mmmrni o 0 s\z.&f&£titcmwi 0 1 o^^ft^® 
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mm&d = 8 0 OpimXVTX^? h Jfc r (= h/ d) &0. 5t'fc5. Jt 
1BBMI2&K1 O 0 3±*3«tOTSBl 0 1 0<Dft3c®KlAu^ ^ 34- «fc t> Iffl^^^ 
-yiOl 2£?]^L-CV^o ±lB¥#frv— o oo©W Wioi 

10 1 0©^ffi<D^t^#:^-if 1 0 0 0 (Dm^<0%m 1 0 0 1 k<Dl£"t 

if i o o o <DmMyt(D^n, _hiaiia$pi o 1 oF^-c^m^^So 

z.<d3lo tmn 10 10 ©ffiffifi, MZ.t£. ffiB&fc 1 0 0 3 e *3«ttJ« 

•C^^$tt« t £V\, *r©« % JrlBM^ 10 10 SrWT58M82£lR 1003}:, 
sy^, $l<DT*fi^ ^fc-fctmo^M y ^r^ygSTfToTKII^ — V 1 0 1 
2%m$rf%o LfcflSoT, -hfEMgfll 0 1 0©**®«r fco 
TV^„ ^iM^tS^iia^ B6A^El7A,BI7C<£:/f^ 

TtfteHUfcJ: 5l-> SKI o o 3mh^\±^2.<DW^(0%m^ 1 0 0 6^ 

-tOflU |S*g^ft8 9 0 nm<7}GaAsg}£_L<£> I nGaAs/AlGaAs^i^ 
If 10 0.0 Sr^-f K£ !7>r iT^V K Lfc^ ^ft^itD s = 4 /x mO 

±mmi® 1010 k:*£au mfc£&x&m&&ft¥&<Dt& 1 1 0 0 a t 
%k<Dm 2 <Dm$z 1 0 0 5 jjs^^-s. 

mLmm<Dmttftm£#ifi&^x^z> 0 ±$B!wm 0 io©±i?w©i^ 



c 



min 



• r = 1 



C 



• r = 2 0 
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C ril -r g 3 ^ fl ^ C w -r 
S:*^: UT*5 *) „ Jg 2 1 0 0 5 1 0 0 6 ^■^J— -tt£t>%m 

5 iKDf^l 0 0 4 £fg2tf>gH^l 0 0 5 ^ <D^#®^^^ttS 2&tf) 

10 1 0" z i:@i?)Tfg;VMit^#b^ iia^lfeO^s^A**™,*: LTB&l X 1 0 

15 Ell lAlt 01 0AfcjjH-T^*fe-73tea^g«i:P«^ »*»^5£ 

fflp»^jKS^o»fffi?f^* s «^IPI— ©Rffil 1 1 0T*4#/&b-CV^ o JilBRi^ 
111 O^ftJUffi&'Ag^ ytt&y&mM 1111 «r?E&fcbXV*S 0 lst0StK 
20 1 1 0 3 JtOAu^ y^Klfl^* — ^1 1 1 2*5±tJ«Au^^l 113 £ 

-cingfli i 2 0(D^^fli^$tb. ^^®<z>J3:£^a^SJl£&oTv^ 0 

JtlEPflgBl 1 2 0<o£lSftl&#"T?*>arctRl 1 1 0t±s i^£h = 3 5 0;im, 
f**gd = 8 0 0/im±!)r^ htbr (=h/d)#*0. 4 4-Cfc5„ _LIB&^ 
jlli l^m^^ft:^—^! 1 0 0*>fcffll*ft<D*«!i l 0 2i©4tft 
25 *e(M#^)«6° fcfc3«fc5te. Ri^i 1 1 0^$*TfH^l 

1 0 3_h^|SeLfc„ r^T% 
r/5 = 0. 0 9 
t a n 0 =0. 11 
r/2 = 0. 2 2 
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r/5 ^ tanfl ^ r/2 
1 1 2 0<D£mt£n&(nffil 1 1 0)©«I*:*HIB£JR1 1 0 3<D»-^^ 

-hiEPflifPi i 2 o^m®^ in i oA^-rT-f^—y^tMMMtn^v , 
&m,<?~^jM*mz.ti®mmLi i o 3±^m#tt-rs^^ Kates*** 

t^JifB^^^Sfe^X^i^^a^^i-S-^^^^c BBl 1 At? 
tts |^80jim©Au/^l 1 1 3SrAu^jy¥BB«l/^-Vl 1 1 

fflgU ±S3R«i l 110 bnmtefr&ZfC&^-x h-vm*t+zz-k-x$k&. 

8JJMJS1 1 0 3 i:©^i^^<^$^^fc5. 

H6A^H7A,H7CfcfflVvrWWUfcJ:5K:> StU 

o 3ffi!ife5v^f^2(D^^#^i i o 6 sx^(Dm%Lyt(DMn*nfflirz> 

*<D|U1 lA07^ft-7j«fm J|&#Srfg#[D s^6 jum^^^W^ 
fcOSrjatt 112 0 taALT, #£ttSL#5*»©£ 1 H04 Srjf&fcb 

^^<Z>fS 2 1 1 0 5 3t?£j£LTV^o 

ma x {a t a n(r/5), 3} ^ 6 ^ atan(r/2) 
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fc5»06«:iftfcb-a^5 o r©*:*. ±IBRf»l 1 1 0 ©iii $ h (fg 1 ©IliSS© 
ftfftl 1 0 6^|r]^©J?^-)^3 5 0/imilV^T*feot%, gb&Klfcgttl 

1 0\ 3tm^©^^^^^*<T PAR l8&l X 1 0" 2 )„ 2£i*fleu- if 1 1 0 

La*bfca*e>* r©^4mfe^©iai oa* retell iA^i-<k5^#fi 
RltteJ:tJ^fiffcaS:#ffii-**l©««l 0 0 4,1 1 0 4lcj3V>-C> mSLfls 
i£#T*<D^£tefc&®r®^^# < ^tfe&^V^o&ffiv^ t > £ 2 1 

0 0 5,1 1 0 5 ©3tW 1006,1106 fcSiltfc;frfa^©ifcffc& s +#tejB- b 

i\ 2^M^fcUT©— «/i:3SKSMfe^^^4W^l^* s *>t)> ^©i§ 

it Ufc„ f-W Xx^^ ^^q^l0~50 (DttM&jJzftL&Vjit-t. UV^SL 

©Ai^j!:*3v>Tt±««4ft* 0^io° ^iifc^ mi i A<ommz& 

1 o - 1 ) a>m± b#s n t a* Jim $ *wto 

$ h ;* — * q ^ 1 0 ~ 5 0 <D^t^^ : S©t!cSL# : ^ffiV^T^ 

±mimftm 6%0° t Lfcf^iat miOAiHIll A^i"*L©#J&-C 

^^M^m^^b^o mf*s 3^ -bfamgpi 010,11 2o©iffiti 

-e&5o JnfBPflg&l 0 1 0, 1 1 2 O&TX^? MtrlCj;o"Cr±^ ±eSM£M% 
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• r = 1 



ma x { a t a n (r/5), 3} ^ 6 ^ atan(r/2) 
Sr^fc-t~T^^^ hit r -CHQ^iS 1 1 2 0 (D^.^ &Ma£r ; l#J&-t~ %o -LIB 

(omLfc&iib l-t i v o i %~ 3 o v o i %, iftsw^tt i o w t %^#m 
i vo i%mm<Dm^xmti,xm^ m&&ifrt&k&\ mkvxm&&& 

^3m£L&tf>#^Jfc£:B&0. Olvol %~0. 1 v o l%iU »iotft 



c 



• r 



= 10 



«fct>> 




r 
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(B i o a, m 1 1 a#biOo hi i o a, in i i Aicnwt&fc&te^kfoyg: L7cm^ 

«TC*>*. U/c^oT, ^1©«1 00 4,U04*JJ;^I2^10 0 
5,110 5<D3fe#l 00 6,1 1 0 6#[rJ— (DrnfrZ^tl^tlL t LTfNffiLfc 
Hi 2 £ LT, ©IBJf^sjSA nOS i 024>T * U A^EaftfiHfc 1 ? 1 

10 j^Wtttv 5 v o 1 %~ 3 0 v o 1 ro^^li^ffl^+^-^^^^^^iff 

p^ifiW^-C^/Co m 1 0 A, HI 1 1 A<Dm&X*l^ iNSM^flfc^b 

W^j^ffiJH^^bfc. £fc> Si0 2 (HIl 2<DXpp)^T^ y/v^CHIl 2©A 
20 B3)©^#:©dMRT?r±. ^-<5/^/l^a PAR ^i 0- 2 mST'tafPi-5^[R]^fc5^^ 

MLT, &fflb'\<^<DMm&*<D&ft&*mk tTO. O 1 v o 1 %~0. 1 v 
o l%g^JB^br5MSH-5wi:fcJ:5, $b^«ix^«H4(+ : Si0 2 +TiO 

ftitiffiilT «E (An^0.2 ifeg) TvjN3tft@ (q^lO g&) ©tftSLfr SrBJ £ UCiS 
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^^q^l0~50 ©HfcSUfcSr 1 5 v o 1 %X*i%— £WL UT fc+#ft#StfeSl* 
#tt^#b^V^^. S* 1 ©IB*© 5 V-lf fcaSgS-t-* 9S9©IS« 

Sr±IB«SL^ i o v o 1 %©#mJl-t-#J&U -t©±«P© l«©«*fcH3«« 

/j^stmM' X/^7j?«— * ci a 5 i ~ i os^©iti©w#^&^*^5ifcSUfc& i v 
q , #ma^) srAai-fb u-c0* bv^mmsL^tt^r^wi- - 1 a*-e# 
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GaAs/AlGaAs^oy b ?W 7KBW*tH«»T?*> 9 * «**»&C 

D-R/RWffl}^14i^HS 7 8 0 nmffoW^a^ h®©WfU 

©T^V ^ffl©7 80n m^© t> 0>-*\ E D F A (Erbium-doped Optical 
Fiber Amplifier ; • K-^ ■ 7 r -f 9 8 0 nm«F©t> 

880nm~920 nm©|fflt S i© lf-*«g«fcftteiev^ £ t> * 5 

0 naflBH^fcttj^TKHftfclillJ^*. AStt^ 6 00/i m<D7 8 

0 nm1W»©iHM***3 5mAgg-efc5©l^tt, 8 9 0 nmt 

f*i5mA. ffl*«H4ti[T0*ai6 0K«±^#6>tts. r.©J:5*Wttr±^ a 

Sft&fctK 9 8 0 nm«r© InGaAsjglftS^O^A^t^^^^^-T? 
fife***. ^W^^frV— ^ UTf£L<P^b*W^ fcttKfcA/ifft^ofco 
^m0Afi. 7 8 0 nmAlGaAs^ftV-f ^ft^PS©^5t^n^^_h© 

HbfciSS &fc6fcffi;fc»m£W*GaAsP 356**m*fctt I nGaAsP 
JiLlii $ i^fco 
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SrlnGaAsP^-TSo JbfBfttf-f KJi^ft*. GaAs£t£_h(£ I nGaAsPHi 

$M#Jfcfis ^JEMOCVD (Metal Organic Chemical Vapor Deposition ; ft 
5 n m~ 3 0 n ^^£*Ptf>¥*SlM X#*& 1 0 a £ ft 

m^«t^, ±mfttf* Fmx~ftm&*£KZtezv&&&wi&T 

i©^fri:Mt5 <fc 0 ^ JtIB 1 0 or- 1 5 O^OfSHfiUi^i&i-te 

Jfcft £f<£<@* ©^j&JH£g^*# < titf?**'*? *-?^&<^ tfxffiA^t. 

HH3A,|g|l3B te±m<D£ 5 fcJP&^'f-S^MMfci'— J 0 s 

EI 1 3 A&£ttH~£ 5 fc> TV K-/DQW (Double Quantum Well)S^4Jlf4% 
8 0 AffO I n 0 .o 74 Ga 0 . S86 As#FJi 1 30 1, 5 0 AJ¥<7) I n 0 . 100 Ga a900 As a657 P 
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aJM /^7ll 3 0 2 (§13531-0. 5%) s ^bia^yrll 3 0 2 & 
J&T*2 0 0 Am<Dfttf'( K11 30 3 (3IM-0. 5%)*»fc3&S, Jt|B^lat<^ 

tb&gC&m&frio I nGaAsPW K11 3 0 3tfc5, r.<£><fc 5 fcJSttMS 

JSSifctt. 3BfiJ&»e>r^DJ&v^ try— y/viWJ; 9 ^i^v^S^H^ft^r 

ftotcM&\^ EPMA(Xjft^^o^«f)^6>*«>fe s P*&ilt'Tf*)5o -tfB^y 
711 3 0 2tf>^M^=¥— ^-^^^Alo^Gao^As^^-rSo *fcs JblBT 
^ K—^D QWffim<DmW\zWttf htlft 3 0 AJ^OT^ K— ^A^Ga^As 
10 f 2W KM 1 3 0 4 fyX\ 1^J&&m&&mft<DAlGaAsmffl<!>ttJ& 

Sr^UTV>So Ell 3A^*5V^T N 1 305tt0.1 /tmffOplAlo^Ga^A 
s|j| 3 VM. 1 306|i0.1^ mJ?<D nlAl a40 Ga a60 Asf 3 

15 1 307tt0.135u mm<D p MAl a60 Ga a60 As^ 1^7^ KJB. 1 3 0 8 f± 

0 . 2 O mj?© nMAlosoGaosoAs^ 1^75/ KJf> 1 30 9^30 AJ¥<£>T 
>-K— 7°GaAsi5/f>^^ by^l, 13101*1.2 8 /jmf©plAl M78 
Ga 0522 Asfg Wyy YM, 1311tt2.3jt mg©nlAl 0 , 

K®> 13 1 2|inaAl 0 . 70 Ga 0-30 As7 > n $/^Jls 13 13 tep++MGa 
20 As^-rj/^jS, 13 1 4f±^y7r*5J:t5S4R©n®GaAsJB-e*>«o 

JblB¥#ffc V— if 1 300^3 SIM^OBi 6Atf|^ L7c#mtSc£L3fc 

^tiMM^ ^fcW^fif^^Mv-y 3— ^y/i^fl^-c i o w t %(om& 

x*ftmistL^<D*m^z> 0 r©^wf 1 3 o o&jBv>fcri'-fe— ^^teTO 

25 I©7^>^/Ha PS8 lt aSmPHfe^aSPIfeirtkiBaeAor^-fe— 73fcSefe 

•?)* fc*5* A, HI7A, H7C,iai OAfcWil 1 A&m&^mk b 

T^bfc^#^^— If « N |gtt»#FJi* s I nGaAs DQWT'fcS £1 £ Ct? 
hZ^b&frnCD-R/RWm<D^!&MteGaAs/AlGaAs<D&fabt£Z)M 
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